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© Low-resistance conductive pigment and method of manufacturing same. 



@ [OBJECT] An object of the present invention is 
to reduce resistance and improve color tone of a 
conductive pigment comprising indium oxide con- 
taining tin, having an Sn content within a range of 
from 1 to 15 mol% relative to the total amount of In 
+ Sn. 

[CONSTRUCTION! (1) Immersing an ITO pig- 
ment in alcohol, ketone, ester or amine and heat- 
treating same at a temperature of up to 500 *C 
under a reduced pressure or in an inert gas, or heat- 
treating same at a temperature of up to 500 • C in an 
inert gas containing hfe. NHa or CO in an amount of 
0.5 to 20 vol.% to reach a surface acidity of from 8 x 
10" 7 to 1 x 10"" 6 mol/m 2 permits achievement of a 
volume resistivity (50 kg/cm 2 green compact) of un- 
der 2 x 10* and at least 2 x 10~ 2 Q.cm. (2) Heat- 
treating an ITO pigment or a precursor hydroxide 
thereof at 300 to 1,1 50* C in an inert gas or under a 
reduced pressure, and introducing an oxygen va- 
cancy of 0.05 to 0.35 mol into crystal grains permits 
achievement of a bluish pigment excellent in visi- 
bility having a color tone comprising an x-value of 



from 0.265 to 0.300 and a y-value of from 0.290 to 
0.315 on the xy chromaticity scale and a volume 
resistivity of from 8 x 10" 1 to 1 x 10~ 2 Q.cm. (3) By 
conducting sequentially the steps (2) and (1) de- 
scribed above, or heat-treating same at 300 to 
1,150 'C in an inert gas containing Hfe, NH 3 or CO in 
an amount of up to 20 vol.%, there is available a 
low-resistance ITO pigment, comparable with a sput- 
tering film, having a volume resistivity of from 8 x 
10~ 2 to 9 x 1(T S Q.cm. in addition to the bluish color 
tone as described above. 

[EFFECTS] When a pigment has an average 
primary particle size of up to 0.2 am it is possible to 
form a transparent conductive film which is useful as 
a transparent electrode and a heating element hav- 
ing a transparent surface. 
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[FIELD OF THE INVENTION] 

The present invention relates to a conductive 
pigment comprising indium oxide containing tin 
(hereinafter referred to as "ITO") crystal grains 
(said pigment is hereinafter also referred to as 
"ITO" pigment) , a method of manufacturing same 
and applications thereof. 

More particularly, the present invention relates 
to a conductive ITO pigment having a lower resis- 
tance, and preferably, an improved color tone as 
compared with the conventional ITO pigments, a 
method of manufacturing same and applications 
thereof. 

The conductive pigment of the present inven- 
tion is suitable for forming a conductive film by 
mixing with a paint or ink. Particuflarly, by using an 
ITO pigment having an average primary particle 
size of up to 0.2 urn, a transparent conductive film 
useful as a transparent electrode or a transparent 
heating plate is available. By kneading the conduc- 
tive pigment of the present invention with a resin, it 
is possible to manufacture a conductive resin. 

[PRIOR ART STATEMENT] 

It has been the conventional practice to manu- 
facture a transparent conductive film by depositing 
a metal or an inorganic oxide on a glass or resin 
substrate by a vapor deposition method such as 
vacuum deposition, sputtering or ion plating. 
Among others an ITO film is the most excellent in 
transparency, conductivity and stability and is par- 
ticularly excellent in etching property by an acid 
(acidsolubilily). It is therefore used in such applica- 
tions as a transparent electrode in a liquid crystal 
display. 

The vapor deposition method however requires 
an apparatus for producing a high vacuum (highly 
reduced pressure) needing a huge amount of in- 
vestment, and is moreover defective in that the 
batch-type operations lead to a low productivity 
and it is difficult to achieve a large-area film. In the 
sputtering method which is the main current at 
present as a thin-film forming process, the ITO 
target has only a limited life with a low utilization 
rate of about 35 to 40%. Particularly when conduct- 
ing etching for forming a circuit for electrode after 
formation of a thin film, the yield further decreases 
by the amount corresponding to removals. As a 
result, much of expensive indium is discarded with- 
out being effectively utilized, thus causing serious 
waste of resources. An ITO thin film formed by a 
vapor deposition method, having a high transpar- 
ency, is tinted with a yellowish color, and this is 
pointed out as the problem of a low visibility. 

With a view to solving the above-mentioned 
problem, it is being tried to form a transparent 



conductive circuit serving as an electrode by pre- 
paring a paint or ink by the use of an ITO pigment 
having an average primary particle size of up to a 
half the wave length of visible rays (i.e. up to 0.2 

5 urn) as a conductive pigment and applying or 
printing same onto a substrate, it is true that this 
method is certainly excellent because of a low-cost 
manufacturing equipment, a satisfactory productiv- 
ity, easy formation of a large-area film, a high yield 

10 and absence of wasted expensive indium. 

A typical method for manufacturing such an 
ITO pigment comprises causing a mixed aqueous 
solution containing a water-soluble Sn* + or Sn 24 
compound and an In 34 compound to react with an 

75 aqueous alkaline solution, and calcining the resul- 
tant coprecipitating hydroxides of Sn and In (pre- 
cursor hydroxides of ITO pigment) in the open air 
to cause conversion into an oxide. This method is 
suitable for industrially manufacturing a stable low- 

20 resistance ITO pigment. 

However, the ITO pigment manufactdured by 
this method shows a volume resistivity on 50 
kg/cm 2 green compact of only 2 x 10' to 2 x 10° 
Q.cm about four digits as high as 1 x 10 -3 to 2 x 

26 10"" 4 Q.cm of the already commercially applied 
sputtering thin film, even by trying to achieve a 
higher purity by limiting the concentration of impu- 
rity CP ion contained in the ITO pigment, as is 
proposed in Japanese Patent Provisional Publica- 

30 tion No. 5-201.731. 

Even by forming a transparent conductive film 
from a paint or ink containing such an ITO pigment, 
therefore, the resultant thin film shows an exces- 
sively high surface resistance. This is why it has 

35 been impossible to form a thin film having a suffi- 
cient conductivity to permit industrialization as a 
transparent electrode. The conventional ITO pig- 
ment was tinted with yellow, and the transparent 
conductive film formed therefrom was also tinted 

40 with yellow, thus leading to a poor visibility. 

[PROBLEMS TO BE SOLVED] 

An object of the present invention is to provide 
45 an ITO pigment having a lower resistance than in 
the conventional ITO pigments. More particularly, 
the present invention has an object to provide an 
ITO pigment having a volume resistivity, in the 
form of 50 kg/cm 2 green compact, of under 2x10° 
50 Q.cm or more preferably, of up to 8 x 10 -1 Q.cm, 
or further more preferably, 8 x 10~ 2 to 9 x 10T 5 
Q.cm which is comparable with that of a sputtering 
thin film, and a method of manufacturing same. 
Another object of the present invention is to 
55 provide an ITO pigment tinted with blue so as to 
permit formation of a transparent conductive film 
excellent in visibility, and a method of manufactur- 
ing same. 
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A further another object j of the present inven- 
tion is to provide a conductive film forming com- 
position and a conductive resin forming composi- 
tion containing an ITO pigment, which permits for- 
mation of the product having a lower resistance 
than in the conventional ones. 

[MEANS TO SOLVE PROBLEMS] 

To achieve the above-mentioned objects, the 
present inventors carried out extensive studies and 
obtained the following findings: 

1) Modification of the surface of an ITO pigment 
into acidic leads to a higher conductivity, thus 
resulting in a volume resistivity, as measured as 
mentioned above, of under 2x10° Q.cm; 

2) Increase in oxygen vacancy of an ITO pig- 
ment also leads to an improved conductivity, 
beings the volume resistivity to up to 8 x 10~ 1 
Q.cm, and at the same time, changes the color 
of the pigment from conventional yellow to blue 
to grey-blue; 

3) If the pigment surface is acidified and the 
oxygen vacancy is increased, the pigment has a 
low resistance within a range of from 8 x 10" 2 to 
9 x 10" 5 Q.cm and becomes tinted with blue as 
in 2) above. 

The present invention was completed on the 
basis of these findings and may be summarized as 
follows: 

(1) A conductive pigment comprising ITO crystal 
garins, which has an Sn content, relative to the 
total amount of In + Sn, within a range of from 
1 to 15 mol%, a surface acidity within a range of 
from 8 x 10" 7 to 1 x 10" 5 moi/cm 2 , and a 
volume resistivity of under 2 x 10° and at least 2 
x10" 2 Q.cm. 

(2) A conductive pigment comprising ITO crystal 
grains, which has an Sn content, relative to the 
total amount of In + Sn, within a range of from 
1 to 15 mol%, an oxygen vacancy within a 
range of from 0.05 to 0.35 mol per mol of ITO 
crystal, a color tone of pigment relative to visible 
ray within a range of from 0.265 to 0.300 in 
terms of x-value and from 0.290 to 0.315 in 
terms of y-value in the xy chromaticity scale, 
and a volume resistivity within a range of from 8 
x 10~ 1 to 1 x 10~ 2 Q.cm. 

(3) A conductive pigment comprising ITO crystaJ 
grains, which has an Sn content, relative to the 
total amount of In + Sn, within a range of from 
1 to 15 mol%, a surface acidity within a range of 
from 8 x 10~* 7 to 1 x 10" 5 mol/m 2 l, an oxygen 
vacancy within a range of from 0.05 to 0.35 mol 
per mol of ITO crystal, a color tone of pigment 
relative to visible ray within a range of from 
0.265 to 0.300 in terms of x-value and from 
0.290 to 0.315 in terms of y-value in the xy 



chromaticity scale, and a volume resistivity with- 
in a range of from 8 x 10" 2 to 9 x 10" 5 Q.cm. 
In the present invention, the volume resistivity 
of ITO pigment means one measured by the four- 
s probe method in the form of a green compact 
prepared under a pressure of 50 kg/cm 2 . 

The surface acidity is a value determined by 
the titration method described later. 

The oxygen vacancy is a value determined by 
io a measuring method described later. 

The above-mentioned conductive pigment de- 
scribed in (1) above can be manufactured by: (a) 
immersing ITO crystal grains having an Sn content, 
relative to the total amount of In + Sn within a 
75 range of from 1 to 15 mol% into an organic solvent 
selected from the group consisting of alcohol, ke- 
tone, ester and amine, and then heat-treating same 
at a temperature of up to 500 *C under a reduced 
pressure or in an inert gas atmosphere; or (b) heat- 
20 treating ITO crystal grains having an Sn content, 
relative to the total amount of In + Sn within a 
range of from 1 to 15 mol% at a temperature of up 
to 500 * C in an inert gas atmosphere containing at 
least one selected from the group consisting hy- 
25 drogen, ammonia and carbon monoxide in an 
amount within a range of from 0.5 to 20 vol.%. 

The above-mentioned conductive pigment de- 
scribed in (2) above can be manufactured by heat- 
treating ITO crystal grains or a precursor hydroxide 
30 thereof having an Sn content, relative to the total 
content of In + Sn within a range of from 1 to 15 
mol% at a temperature within a range of from 300 
to 1,150 *C under a reduced pressure or in an inert 
gas atmosphere. 
35 The above-mentioned conductive pigment de- 

scribed in (3) above can be manufactured by: (A) 
heat-treating ITO crystal grains or a precursor hy- 
droxide thereof having an Sn content, relative to 
the total amount of In + Sn, within a range of from 
40 1 to 15 mol%. at a temperature within a range of 
from 300 to 1,150*C under a reduced pressure or 
in an inert gas atmosphere, then (a) immersing 
same in at least an organic solvent selected from 
the group consisting of aicohol, ketone, ester and 
45 amine, and then, heat-treating same at a tempera- 
ture of up to 500 *C under a reduced pressure or in 
an inert gas atmosphere, or (b) heat-treating same 
at a temperature of up to 500*C in an inert gas 
atmosphere containing at least one selected from 
so the group consisting of hydrogen, ammonia and 
carbon monoxide in an amount within a range of 
from 0.5 to 20 vol.%; or (B) heat-treating ITO 
crystal grains or a precursor hydroxide thereof hav- 
ing an Sn content, relative to the total amount of In 
55 + Sn within a range of from 1 to 15 mol% at a 
temperature within a range of from 300 to 1,150* C 
in an inert gas atmosphere containing at least one 
selected from the group consisting of hydrogen, 
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ammonia and carbon monoxide in an amount within 
a range of from 0.5 to 20 vol.%. 

The present invention provides also a conduc- 
tive film forming composition containing a binder 
and any one of the above conductive pigments (1) 
to (3) , and a conductive resin forming composition 
containing any one of the above conductive pig- 
ments (1)to(3). 

[FUNCTIONS] 

Now, the construction of the present invention 
will be described, together with the functions there- 
of. 

ITO has a high conductivity because trivalent In 
site of ln 2 0 3 crystal is substituted by tetravalent Sn 
which is a dopant to serve as an n-type donor and 
the electron density of multi-carriers in crystal 
grains (bulk) is increased by the action of the donor 
effect exhibited by the oxygen vacancy point caus- 
ed by lattice defect. 

Conductivity resulting from Sn, an n-type do- 
nor, is apparent particularly when the Sn content 
relative to the total amount of In + Sn is within a 
range of from 1 to 15 mol%, and outside this 
range, the volume resistivity of ITO pigment be- 
comes higher. In the ITO pigment of the present 
invention, therefore, the Sn content relative to the 
total amount of In + Sn should be within a range of 
from 1 to 15 mol%, or more preferably, from 2 to 
10 mol%. 

The ITO pigment of the present invention is 
available by treating one manufactured by the con- 
ventional method described above. In the manufac- 
ture of this material ITO pigment, sources of Sn* + 
or Sn 2 * and ln 3+ ions used for the preparation of 
mixed aqueous solution containing ions of In and 
Sn may be any water-soluble compounds giving an 
acidic solution, and preferable sources include, for 
example, hydrochlorides, nitrates and mixtures 
thereof. The Sn content relative to the total amount 
of In + Sn should be adjusted within a range of 
from 1 to 15 mol%. On the other hand, there is no 
particular limitation for aqueous alkaline solution: 
alkaline metal compounds such as NaOH, KOH, 
NasCOa.teCOa, NaHCCfe and KHCOa. and ammo- 
nium compounds such as NH*OH, (NhUfcCOs, and 
NH4HCO3 may be used. However because an al- 
kaline metal . if remaining in the ITO pigment, 
causes a decrease in conductivity, it is desirable to 
use an ammonium compound. 

When the above-mentioned mixed aqueous so- 
lution reacts with an aqueous alkaline solution, In 
and Sn ions coprecipitate as hydroxides. More 
particularly, tin hydroxide/indium hydroxide 
coprecipitate, which are precursor hydroxides of 
ITO pigment, are precipitated. The reaction tem- 
perature may be the room temperature or about 



90 *C, and a reaction time of 30 to 60 minutes 
suffices in general, depending upon temperature. 

An ITO pigment is available by filtering this tin 
hydroxide/indium hydroxide coprecipitate, suffi- 

5 cientiy washing same as required, converting same 
into oxides through dehydration, and at the same 
time causing crystallization. The calcining tempera- 
ture should preferably be adjusted within a range of 
from 300 to 1,1 50* C. A low calcining temperature 

10 results in a pigment having a small primary particle 
size (hereinafter simply referred to as "particle 
size") corresponding to a large specific surface 
area, whereas sufficient crystallization does not 
take place at a temperature lower than 300 *C. 

75 While a higher calcining temperature causes grain 
growth, leading to a larger particle size of pigment, 
a temperature higher than 1,150*C results in ex- 
cessive grain growth, causing coarsening of the 
average particle size to over 0.6 urn: this makes 

20 the product unsuitable as an ITO pigment. A cal- 
cining time sufficient to complete dehydration and 
crystallization suffices, varying with the calcining 
temperature. After calcining, aggregating particles 
may be broken by crushing as required. 

25 In a preferred embodiment, the average pri- 

mary particle size of the ITO pigment is up to 0.2 
um, or more preferably, within a range of from 0.01 
to 0.1 urn. for imparting transparency. In order to 
obtain such particles, the calcining temperature 

30 should preferably be up to 1,050'C in general, or 
more preferably, within a range of from 300 to 
900 'C. 

The ITO pigment manufactured by this conven- 
tional method shows, however, a volume resistivity 

35 higher than 2x10° Q.cmeven by eliminating impu- 
rities through sufficient washing, and it is impos- 
sible to achieve a lower resistance. It has not 
therefore been possible to expect achievement of a 
volume resistivity of the order of 10~ 3 to 10~* Q.cm 

40 as is available in the vapor deposition method. 

According to the present invention, it is now 
possible to further reduce volume resistivity by 
increasing surface acidity and/or oxygen vacancy 
of the ITO pigment. 

46 

Surface acidity of ITO pigment 

The present inventors gave attention to the 
acid site and the basic site present on the surface 

50 of ITO pigment, and measured the surface basicity 
and the surface acidity of various ITO pigments 
having different values of volume resistivity to ana- 
lyze the effect of these acid and basic sites on the 
volume resistivity. 

55 The surface acidity was determined by bring- 

ing the ITO pigment of a certain weight as weighed 
into sufficient contact with a 0.01 N methylisobutyl- 
ketone solution of tetra-butylammonium hydride, 
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and then back-titrating the supernatant liquid with a 
0.01 N methylisobutylketone solution of perchloric 
acid. The surface basicity was in contrast deter- 
mined by bringing the ITO pigment of a certain 
weight as weighed into sufficient contact with a 5 
0.01 N methylisobutylketone solution of perchloric 
acid, and then back-titrating the supernatant liquid 
with a 0.01 N methylisobutylketone solution of 
tetrabutylammonium hydride. All these results are 
displayed as the acidity and basicity for the spe- to 
cific surface area of the ITO pigment as deter- 
mined by the BET method. 

These results suggest that the conventional 
ITO pigment has a surface basicity within a range 
of from 8 x 10~ 7 to 10" 5 mol/m 2 and a very low is 
surface acidity of about a tenth the basicity, thus 
revealing that the conventional pigment has a high 
basicity. A tendency is observed that a higher 
volume resistivity leads to a higher surface basicity 
and a lower volume resistivity corresponds to a 20 
lower surface basicity, and that a higher surface 
acidity results on the other hand in a lower volume 
resistivity. This is attributable to the fact that a 
lower basicity and hence a higher acidity of the 
ITO pigment surface correspond to an increased 25 
carrier electron density. 

In order to reduce resistance of an ITO pig- 
ment to improve conductivity, therefore, it is effec- 
tive to modify a high-basicity surface into a high- 
acidity surface. As a result of study to find a 30 
treating method of an ITO pigment permitting such 
surface improvement, possibility was found to re- 
markably increase surface acidity by immersing 
the ITO pigment in at least an organic solvent 
selected from the group consisting of alcohol, ke- 35 
tone, ester and amine, and then heat-treating same 
at a temperature of up to 500 *C in vacuum or in 
an inert gas atmosphere. 

Examples of alcohol applicable for this surface 
modofication include: methanol, ethanpi, propanol, aq 
isopropanol, 1-butanol, 2-butanol, isobutanol, tert- 
butyl alcohol, hexanol, cyclohexanol, ethylene gly- 
col, butoxyethanol, and 2-(2-butoxy) ethanol; exam- 
ples of ketone include: acetone, methylethylketone, 
methylisobutylketone, 4-hydroxy-4-methyl-2-pen- 46 
tanone, cyclohexanone, isoholon. and diacetone al- 
cohol; examples of ester include: ethyl acetate, 
butyl acetate, and butylcarbitol acetate; and exam- 
ples of amine include: dimethylamine, 
tributylamine, ethanolamihe. dimethylformamide, so 
hydroxytetra-n-butylammonium, trimethyiamine, 
dimethyl-sec-butylamine. cyclohexylamine, and 
ethylenediamine. A solvent or a mixed solvent of 
two or more of these solvents may be used. One or 
more organic solvents other than those enumerated ss 
above, such as hexane, may be mixed in. 

It suffices to immerse the ITO pigment into the 
organic solvent at the room temperature. The sol- 
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vent may be heated to the extent that evaporation 
of solvent doesnot become excessive. There is no 
particular limitation on the immersion time: a very 
short period of time such as several seconds to ten 
minutes usually suffices. Immersion may be contin- 
ued for 30 minutes or more. 

The ITO pigment having been immersed in the 
organic solvent is then heat-treated at a tempera- 
ture of up to 500 * C under a reduced pressure or in 
an inert gas atmosphere (eg., nitrogen, argon and 
helium) and dried. The heat-treatment temperature 
should preferably be within a range of from 50 to 
400 • C. A heat-treating time necessary for ensuring 
sufficient drying of the ITO pigment suffices, but a 
period of from five minutes to four hours is prefer- 
able, depending however on the temperature used. 
If a temperature is higher than 300 'C, a period of 
up to an hour suffices. When heat-treating under a 
reduced pressure, the degree of vacuum should 
preferably be up to 10" 1 torr. 

As another method for surface modification, 
application of a simple heat treatment, without con- 
ducting the above-mentioned immersion, of the ITO 
pigment obtained by the conventional method, at a 
temperature of up to 500 • C in an inert gas at- 
mosphere containing at least one selected from the 
group consisting of hydrogen (H2), ammonia (NH3), 
and carbon monoxide (CO) in an amount within a 
range of from 0.5 to 20 vol.%, can similarly in- 
crease the surface acidity as in the above-men- 
tioned method. The preferable concentration (total 
concentration in the case of two or more gases) of 
H 2 . NH3 and/or CO contained in the inert gas (eg., 
nitrogen, argon and helium) is within a range of 
from 1 to 10 vol.%. With a concentration of under 
0.5%. surface modification is insufficient, and a 
concentration of over 20 vol.% leads to easy occur- 
rence of reduction into insulating InO or further into 
metallic In. The heat treatment temperature and the 
heat-treating time should preferably be the same 
as in the method as described above. 

Irrespective of which of the above methods is 
adopted, the ITO pigment available after treatment 
shows a considerably decreased surface basic site, 
and a remarkably increased acid site as typically 
represented by a surface acidity within a range of 
from 8 x 10" 7 to 1 x 10" 5 mol/m 2 . The surface 
acidity should preferably be within a range of from 
1 x 10" 6 to 5 x 10" 6 mol/m 2 . As a result of the 
increased surface acidity, this ITO pigment has an 
improved conductivity, with a volume resistivity of 
under 2 x 10° or at least 2 x 10" 2 Q.cm. In other 
words, resistance can be reduced by at least one 
to two digits even as compared with a non-treated 
ITO pigment. 
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oxygen vacancy of ITO pigment 

As described above, the oxygen vacancy site 
present in ITO crystal grains exerts a donor effect, 
increases the carrier electron density, and thus 
improves conductivity. As a result of studies car- 
ried out by the present inventors with this fact in 
view, it was found that heat treatment of an ITO 
pigment in an inert gas atmosphere or under a 
reduced pressure extracted oxygen from the ITO 
crystal grains, leading to an increased number of 
oxygen vacancy sites and hence to a decreased 
volume resistivity of the ITO pigment. 

The resultant findings reveal an unexpected 
fact that, when the amount of oxygen vacancy sites 
(herein referrd to as "oxygen vacancy") introduced 
by this heat treatment is within a range of from 
0.05 to 0.35 mol per mol of ITO crystal, the carrier 
electron density is at its peak, reducing resistance, 
and at the same time, the conventional yellowish 
pigment changes its color into blue or grey-blue. 

In the present invention, the term oxygen va- 
cancy means the mol quantity of oxygen atoms 
extracted during treatment, i.e., the amount of oxy- 
gen vacancy sites introduced through the treat- 
ment, in an ITO pigment subjected to a treatment 
capable of extracting oxygen, as described above. 
The value of oxygen vacancy can therefore be 
relatively determined by comparing this amount 
with the amount of oxygen vacancy sites in another 
ITO pigment not subjected to a treatment for the 
extraction of oxygen. The oxygen vacancy is thus 
relatively determined because water and other oxy- 
gen-containing compounds are easily adsorbed 
onto the surface of the fine ITO pigment, and this 
makes it difficult to accurately determine quantita- 
tively the amount of oxygen in the ITO pigment 

More specifically, the method of measuring the 
amount of oxygen vacancy is as follows. First, a 
sample of an ITO pigment subjected to an oxygen 
extracting treatment is dissolved in solid-solution 
form with alkali by the application of the alkali 
fusion method (fusion with sodium carbonate when 
determining In, and with sodium peroxide when 
determining Sn) . and the resultant salt is cooled 
and dissolved in distilled water into a solution, (n 
and Sn are determined, respectively, through titra- 
tion or high-frequency plasma emission spec- 
trochemical analysis (ICP) by using this solution, 
and as required, impurities are determined as well 
by a known method. The amount of oxygen is 
determined by the gas analysis method (compris- 
ing melting and reducing the sample by the fusion 
method to reduce oxygen (O) in the sample into 
carbon monoxide (CO), and determing it by the 
infrared absorption method). The composition of 
the ITO pigment (Sn n ln2-nO m ) is determined from 
the resultant data. In the same manner as above, 



the composition (Sn n ln 2 - n O m ) of another ITO pig- 
ment manufactured by the same method except for 
the oxygen extracting tresatment is determined. By 
subtracting the oxygen molar quantity (m-value) of 

5 the treated ITO pigment from the oxygen molar 
quantity (m'-value) of the non-treated ITO pigment, 
the amount of oxygen vacancy sites occurring in 
the oxygen extracting treatment, i.e., the oxygen 
vacancy, is determined. This amount calculable as 

io [m' - m] means the number of moles of oxygen 
vacancy sites having occurred (number of extract- 
ed oxygen mols) per mol of ITO crystal. Since the 
Sn content relative to In + Sn is within a range of 
from 1 to 15 mol%, the n-value in the above 

is formula of composition would be within a range of 
from 0.02 to 0.30. 

According to the present invention, the oxygen 
vacancy thus determined should preferably be 
within a range of from 0.05 to 0.35 mol, or more 

20 preferably, from 0.10 to 0.30 mol per mol of ITO 
crystal. By doing this, the volume resistivity of the 
ITO pigment is within a range of from 8 x 10~ 1 to 1 
x 10~ 2 Q.cm, thus permitting achievement of reduc- 
tion of resistance of at least one or two digits . 

25 Furthermore, the color tone of the ITO pigment 
subjected to an oxygen extracting treatment 
changes from the conventional yellowish one to 
blue or grey-blue. Measurement of color tone of 
this bluish pigment relative to visible rays by 

30 means of a color computer (manufactured by Suga 
Mfg. Co., Ltd.) demonstrates that the x-value is 
within a range of from 0.265 to 0.300, and the y- 
value. from 0.290 to 0.315 in the xy chromaticity 
scale. For the conventional yellowish non-treated 

35 ITO pigment, the x-value is within a range of from 
0.265 to 0.348, and the y-value, from 0.316 to 
0.475. 

It is generally known that human visibility 
reacts most sensively to rays of a wavelength of 

40 about 555 nm from among the visible ray 
wavelengths of from 380 to 780. A conductive film 
with a higher visibility can be formed by the above- 
mentioned bluish ITO pigment than by the conven- 
tional yellowish ITO pigment. 

45 An ITO pigment manufactured by the method 
described above or a precursor hydroxide thereof 
(tin hydroxide/indium hydroxide coprecipitate) may 
be used as the ITO material for the oxygen extract- 
ing tresatment. Oxygen extraction may be accom- 

50 plished by heat-treating an ITO pigment or a pre- 
cursor hydroxide at a temperature within a range of 
from 300 to 1,150* C under a reduced pressusre or 
in an inert gas atmosphere. More specifically, ap- 
plication of heat treatment under a reduced pres- 

55 sure or in an inert gas atmosphere without immers- 
ing the surface into an organic solvent such as 
alcohol, causes oxygen extraction. 
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Any of nitrogen, argon and helium and mixed 
gases thereof may be used as the inert gas. The 
pressure when heat-treating under a reduced pres- 
sure should preferably be up to 10" 1 torr. When 
the heat treatment temperature is high within the 
above-mentioned range, grain growth takes place 
during heat treatment as in calcining upon manu- 
facturing an 1TO pigment An appropriate heat 
treatment temperature should therefore be selected 
in response to the particle size of the ITO pigment. 
For example, when the particle size of an ITO 
pigment is to be up to 0.2 urn, the heat-treating 
temperature should preferably be up to 1,050 *C, 
or more preferably, within a range of from 300 to 
900 *C. An appropriate heat treating time is se- 
lected so that a prescribed amount of oxygen va- 
cancy is produced by heat treatment, but a time 
longer than that in the above-mentioned heat treat- 
ment for surface modification is required in general. 
Usually, a time within a range of from 1 to 10 hours 
is desirable in the case where the material is an 
ITO pigment, and from 0.5 to 6 hours, when the 
material is a hydroxide. A precursor hydroxide, 
which has a large specific surface area, leads to a 
more rapid oxygen extraction. In ail cases, a tem- 
perature of up to 500 • C requires a heat treatment 
time of at least two hours for heat treatment. 

When the material is a precursor hydroxide 
(coprecipitate hydroxide), this heat treatment is ac- 
companied by dehydration and crystallization at the 
same time, and an ITO pigment having an oxygen 
vacancy within the above-mentioned range is ob- 
tained. In this case, the oxygen vacancy is deter- 
mined through comparison with an ITO pigment 
obtained by calcining the coprecipitate hydroxides 
in the open air under the same conditions. 

Combination of surface modification and oxygen 
extraction 

In a particularly preferred embodiment of the 
present invention, above-mentioned surface modi- 
fication and oxygen extraction are simultaneously 
conducted. This makes it available a bluish ITO 
pigment having a resistance lower by five or more 
digits on the maximum than in the conventional 
one, as typically represented by a surface acidity 
within a range of from 8 x 10~ 7 to 1 x 10"" 5 moi/m 2 , 
an oxygen vacancy within a range of from 0.05 to 
0.35 mol per mol of ITO crystal, an x-value within a 
range of from 0.265 to 0.300 and a y-value. of from 
0.290 to 0.315 in the xy chromaticity scale showing 
color tone of pigment relative to visible rays, and a 
volume resistivity within a range of from 8 x 10~ 2 to 
9 x 10~ 5 Q.cm. This ITO pigment has a conductiv- 
ity comparable with that of the conventional sput- 
tering film, and is superior to the yellowish sputter- 
ing film in visibility. 



Such an ITO pigment can be manufactured, 
with the ITO pigment prepared by the above-men- 
tioned conventional method or its precursor hy- 
droxide (In/Sn coprecipitate hydroxide) as the rna- 

5 terial. by first subjecting same to an oxygen ex- 
tracting treatment as described above fi«e-. heat 
treatment at a temperature within a range of from 
300 to 1,150 'C under a reduced pressure or in an 
inert gas atmosphere), and then conducting the 

io above-mentioned surface modification [i.e., (a) im- 
mersing same in at least an organic solvent se- 
lected from the group consisting of alcohol, ketone, 
ester and amine, and then heat-treating same at a 
temperature of up to 500 *C under a reduced pres- 

t5 sure or in an inert gas atmosphere; or (b) heat- 
treating same at a temperature of up to 500 *C in 
an inert gas atmosphere containing at least one of 
Kb, NH3, and CO. Preferred treatment conditions in 
this case may be as described above. 

20 Another method of simultaneously accomplish- 
ing oxygen extraction and surface modification 
comprises heat-treating an ITO pigment or a pre- 
cursor hydroxide at a temperature within a range of 
from 300 to 1.150 *C in a reductive inert gas at- 

25 mosphere containing at least one selected from the 
group consisting of hfe, NHa and CO in an amount 
within a range of from 0.5 to 20 vol.%. According 
to this method, it is possible to manufacture di- 
rectly from the raw material only through a heat 

30 treatment an ITO pigment showing such properties 
as a surface acidity within a range of from 8 x 10~ 7 
to 1 x 10~ 5 mol/m 2 , an oxygen vacancy within a 
range of from 0.05 to 0.35 mol per mol of ITO 
crystal, a color tone of pigment relative to visible 

35 rays, as typically represented by an x-value within 
a range of from 0.265 to 0.300 and a y-value, from 
0.290 to 0.315 in the xy chromaticity scale, and a 
volume resistivity within a range of from 8 x 10~ 2 to 
9 x 10" 5 O.cm. 

40 With a concentration of hfe, NH 3| and/or CO 

(the total concentration in the case of two or more 
of them) contained in the inert gas (eg., nitrogen, 
argon and helium) of under 0.5 vol.%. surface 
modification is insufficient. With a concentration of 

45 over 20 vol.%, on the other hand, reduction through 
insulating InO into metallic In easily takes place. 
The concentration should preferably be within a 
range of from 1 to 10 vol.%. An appropriate heat 
treatment temperature should be selected in re- 

50 sponse to the particle size of the target ITO pig- 
ment. The preferred ranges of heat treatment 
temperature and heat treatment time are the same 
as those described above for the heat treatment for 
oxygen extraction. 

55 The low-resistance ITO pigment of the present 

invention is applicable for the formation of a con- 
ductive film as a conductive film forming composi- 
tion by mixing with a binder and as required with a 
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solvent. The form of this composition may be any 
of paste, paint and ink. The amount of blended ITO 
pigment should preferably be within a range of 
from 50 to 90 wt.% relative to the aggregate sum 
of binder (solid) and ITO pigment. Kinds and 
amounts of binder, solvent and other arbitrary ad- 
ditives may be the same as the conventional ones. 
By applying or printing this composition onto a 
substrate and heating same for drying or setting, 
there is available a conductive film having a lower 
surface resistance than in the case of using a 
conventional ITO pigment Particularly when the 
ITO pigment has been subjected to both surface 
modification and oxygen extraction, there is avail- 
able a conductive film having a low resistance 
comparable with a sputtering film. If the ITO pig- 
ment has a particle size of up to 0.2 urn and the 
binder is transparent, a transparent conductive film 
is formed. When the ITO pigment has an oxygen 
vacancy within the above-mentioned range, the col- 
or tone of the transparent conductive film is tinted 
with blue, with a satisfactory visibility. This trans- 
parent conductive film is useful as a transparent 
electrode, transparent sheet-shaped heating ele- 
ment, electromagnetic wave shielding material, and 
antistatic film. 

By kneading the low-resistance ITO pigment of 
the present invention with a resin, a conductive 
resin forming composition is available. The amount 
of blended ITO pigment in this case should prefer- 
ably be within a range of from 50 to 85 wt.% 
relative to the aggregate sum of resin (solid) and 
ITO pigment. There is no particular limitation on 
the kind of resin: any resin may be used whether 
thermosetting or thermoplastic. A special resin 
such as silicone resin or fluororesin may be used. 
The conductive resin obtained from this composi- 
tion is useful for such uses as an electronic circuit, 
electrode, electromagnetic wave shielding material 
and antistatic material. 

[EXAMPLES] 

Now, the present invention will be described by 
means of examples. The examples shown are only 
illustrative and do not constitute any limitation on 
the present invention. In the examples, the symbol 
% represents wt.%, provided however that, the Sn 
content in ITO pigment is represented by mol% 
relative to the total content of In + Sn. 

In the examples, the surface acidity, a surface 
basicity and oxygen vacancy were measured by 
the methods mentioned above. The volume re- 
sistivity ws measured by the four-probe method on 
a green compact under 50 kg/cm 2 . The primary 
particle size of pigment is the average particle size 
as measured by observing the pigment with a 
transmission type electron microscope. The spe- 



cific surface area was measured by the BET meth- 
od (N2). Analysis of pigment was accomplished by 
the use of an aqueous solution prepared from the 
sample by the above-mentioned alkali fusion meth- 

5 od, in accordance with the high-frequency plasma 
emission spectrochemicaJ analysis (ICP) method 
for a metal element, and in accordance with the 
silver chloride colorimetric method. The oxygen 
content was analyzed by the above-mentioned gas 

to analysis method. 

[EXAMPLE 1] 

Aqueous solution of InCb (containing 300 g 

15 metallic In) in an amount of 900 mL was mixed with 
aqueous solution of 55% SnCU in an amount of 
26.5 g. The resultant mixed solution was caused to 
react for 30 minutes with 6L aqueous alkaline solu- 
tion containing 1,800 g NH*HCOa at a liquid tem- 

20 perature of 50 "C, and decantation was repeatedly 
applied to the precipitate by means of ion-ex- 
change water. At a point when an electric con- 
ductivity of the supernatant liquid becomes over 
5,000 Q.cm. In/Sn coprecipitate hydroxides were 

25 filtered, and after drying overnight at 110'C, cal- 
cined in the open air at 600 *C for three hours. The 
product was then crushed to dissociate aggregates, 
and a yellow ITO pigment having an Sn content of 
2,09 mol% in an amount of 369.5 g was obtained. 

30 This pigment (hereinafter the ITO available through 
calcination in the open air is called "non-treated 
ITO pigment) had a specific surface area of 37.5 
nr^/g, a primary particle size within a range of from 
0.015 to 0.027 urn, a volume resistivity of 2.7 x 10 2 

35 Q.cm, a surface basicity of 7.3 x 10~* mol/m 2 , and 
a surface acidity of 6.8 x 10~ 7 mol/m 2 . 

Then, this non-treated ITO pigment in an 
amount of 50 g was immersed in 20 g ethanol at 
the room temperature for one minute, dried under a 

40 reduced pressure (10~ 3 torr) at 100* C for 30 min- 
utes, and cooled to the room temperature. This 
pigment after surface modification treatment had a 
surface acidity of 2.1 x 10" 6 mol/m 2 , almost disap- 
pearing surface basic sites, and a volume resistivity 

45 of 5.8 x 10~ 2 Q.cm, i.e., the resistance was reduced 
by about four digits by surface modification. Ap- 
plication of the surface modification treatment 
caused no change in the specific surface area and 
the primary particle size. 

50 

[EXAMPLE 2] 

The non-treated ITO pigment obtained in the 
Example 1 in an amount of 50 g was immersed in 
55 20 g of methylethylketone at the room temperature 
for a minute, and after drying under a reduced 
pressure (1CT 1 torr) at a temperature of 300 *C for 
ten minutes, cooled to the room temperature. After 
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this treatment, the pigment had a surface acidity of 
2.3 x 10T 6 mol/m 2 , most of surface basic sites 
having disappeared, volume resistivity of 4.8 x 10~ 2 
Q.cm, a specific surface area of 31 m 2 /g and a 
primary particle size within a range of from 0.018 
to 0.032 urn. 

[EXAMPLE 3] 

The non-treated ITO pigment obtained in the 
Example 1 in an amount of 50 g was immersed in 
20 g of ethylacetate at the room temperature for 30 
minutes, and after heat treatment for ten minutes at 
300 *C in N2 atmosphere in a silica tube, cooled to 
the room temperature. After this treatment, the 
pigment had a surface acidity of 2.2 x 10~* 
mol/m 2 , surface basic sites having almost disap- 
peared, a volume resistivity of 5.0 x 10~ 2 Q.cm, a 
specific surface area of 30.2 m 2 /g, and a primary 
particle size within a range of from 0.017 to 0.030 
ixm. 

[EXAMPLE 4] 

The non-treated ITO pigment obtained in the 
Example 1 in an amount of 50 g was immersed in 
a solution comprising 2 g tributylamine/20 g hex- 
ane at the room temperature for five minutes, and 
after heat treatment for ten minutes at 150*C in N2 
atmosphere in a silica tube, cooled to the room 
temperature. After this treatment, the pigment had 
a surface acidity of 2.0 x 10" 6 mol/m 2 , surface 
basic sites having alsmot disappeared, and a vol- 
ume resistivity of 4.4 x 10~ 2 Q.cm. The surface 
modification caused no change in the specific sur- 
fce area and the primary particle size of the pig- 
ment. 

[EXAMPLE 5] 

The non-treated ITO pigment obtained in the 
Example 1 in an amount of 50 g was immersed in 
20 g of ethanol at the room temperature for five 
minutes, and after drying under a reduced pressure 
(10"* torr) for 60 minutes at 50 ^C. cooled to the 
room temperature. After this treatment, the pigment 
had a surface acidity of 2.5 x 10" 6 mol/m 2 , surface 
basic sites having almost disappeared, and a vol- 
ume resistivity of 5.1 x 10~ 2 Q.cm. The surface 
modification caused no change in the specific sur- 
face area and the primary particle size of the 
pigment. 

[EXAMPLE 6] 

An aqueous InCIa solution (containing 200 g 
metallic In) in an amount of 600 mL was mixed with 
an aqueous 55% SnCU solution in an amount of 95 



g, and after this aqueous mixed solution was caus- 
ed to react with 6L alkaline solution containing 
1,450 g NhUHCOa at a liquid temperature of 70 P C 
for an hour, decantation was repeatedly conducted 

5 to cause precipitation by means of ion-exchange 
water. At the point when electric conductivity of the 
supernatant liquid exceeded the level of 5,000 
Q.cm, the coprecipitate hydroxides were filtered, 
and after drying at 110'C overnight, the 

70 coprecipitate was calcined in the open air at 
1,150"C for three hours, and crushed to give 268.5 
g of ITO pigment having an Sn content of 10.3 
mol%. This yellowish non-treated ITO pigment had 
a specific surface area of 3.1 m 2 /g, a primary 

f5 particle size within a range of from 0.17 to 0.42 
um, a volume resistivity of 2.3 x 10° Q.cm, a 
surface basicity of 1.2 x 10" 6 mol/m 2 , and a sur- 
face acidity of 1.8 x 10~ 7 mol/m 2 . 

Then, this non-treated ITO pigment in an 

20 amount of 50 g was heat-treated at 300 'C for 30 
minutes through a mixed gas flow comprising 950 
mL/min N 2 and 50 mL/min CO in a silica tube, and 
cooled to the room temperature. After this surface 
modification, the pigment had a surface acidity of 

25 1.9 x 10"* mol/m 2 , surface basic sites having al- 
most disappeared, a volume resistivity of 6.8 x 
10~ 2 Q.cm. A reduction of resistance of almost two 
digits was achieved also in this surface modifica- 
tion. The treatment caused no change in the spe- 

30 cific surface area and the primary particle size. 

[EXAMPLE 7] 

The non-treated ITO pigment obtained in the 
as Example 6 in an amount of 50 g was heat-treated 
at 50 • C for 60 minutes through a mixed gas flow 
comprising 980 mL/min N2 and 20 mL/min H2 in a 
silica tube, and cooled to the room temperature. 
After this treatment, the pigment had a surface 
40 acidity of 2.0 x 10" 5 mol/m 2 , surface basic sites 
having almost disappeared, and a volume resistiv- 
ity of 5.6 x 10~ 2 Q.cm. This treatment caused no 
change in the specific surface area and the primary 
particle size of the pigment. 

45 

[EXAMPLE 8] 

The non-treated ITO pigment obtained in Ex- 
ample 6 in an amount of 50 g was heat-treated at 

50 50 # C for 60 minutes through a mixed gas flow 
comprising 980 mL/min N2 and 20 mL/min NH3 in 
a silicale tube, and cooled to the room tempera- 
ture. After this treatment, the pigment has a surfce 
acidity of 2.3 x 10" 6 mol/m 2 , surface basic/sites 

55 having almost disappeared, a volume resistivity of 
6.6 x 10~ 2 Q.cm/ The surface modification treat- 
ment caused no change in the specific surfce area 
and the primary particle size of the pigment 
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[EXAMPLE 9] 

An aqueous InCfe solution (containing 300 g 
metallic In) in an amount of 900 mL was mixed with 
an aqueous 55% SnCU solution in an amount of 
54.4 g, and after this aqueous mixed solution was 
caused to react with 6 L alkaline solution containing 
1,800 g NH4HCO3 at a liquid temperature of 70 # C 
for 60 minutes, decantation was repeatedly applied 
to the precipitate by means of ion-exchange water. 
At the point when electric conductivity of the super- 
natant liquid exceeded the level of 5,000 O.cm, the 
coprecipitate hydroxides were filtered, and after 
drying at 110'C overnight, the coprecipitate was 
calcined in the open air at 300 *C for five hours, 
and crushed to give 371 g of ITO pigment having 
an Sn content of 4.2 mol%. The yellowish non- 
treated ITO pigment had a specific surface area of 
118 rr^/g, a primary particle size within a range of 
from 0.01 to 0.02 urn, a volume resistivity of 3.5 x 
10 2 Q.cm, a surface basicity of 12 x 10" 6 mol/m 2 , 
a surfce acidity of 6.2 x 10~ 7 mol/m 2 . 

Then, this non-treated ITO pigment in an 
amount of 50 g was immersed in 20 g of methanol 
at the room temperature, and after drying under a 
reduced pressure <10" 3 torr) at 150* C for 60 min- 
utes, cooled to the room temperature. After this 
treatment, the pigment had a surface acidity of 9.1 
x 10~* mol/m 2 , surface basic sites having almost 
disappeared, a volume resistivity of 7.8 x 10~ 1 
Q.cm, a specific surface area of 117 m 2 /g and a 
primary particle size within a range of from 0.01 to 
0.02 urn. 

[COMPARATIVE EXAMPLE 1] 

The non-treated ITO pigment obtained in the 
Example 1 in an amount of 50 g was immersed in 
20 g of benzene at the room temperature for a 
minute, and after drying under vacuum (10~ 3 torr) 
at a temperature of 100'C for 30 minutes, cooled 
to the room temperature. After this treatment, the 
pigment had a surface basicity of 7^ x 10" 6 
mol/m 2 , a surface acidity of 7.0 x 10~ 7 mol/m 2 , and 
a volume resistivity of 2.5 x 10 2 Q.cm. The immer- 
sion in benzene caused no remarkable change in 
the surface basicity/surface acidity arid volume re- 
sistivity. 

[EXAMPLE 10] 

A non-treated ITO pigment having an Sn con- 
tent of 2.09 mol% was prepared in the same man- 
ner as in the Example 1 except however that the 
calcination temperature was changed from 600 *C 
to 500 • C. This pigment had a specific surface area 
of 92.5 rr^/g, a primary particle size within a range 
of from 0.007 to 0.014 urn, a volume resistivity of 



1.2 x 10 2 Q.cm, and a color tone as represented by 
an x-value of 0.3632 and a y-value of 0.3859 on the 
xy chromaticity scale relative to visible rays. The 
pigment was in the form of yellow powder. 

s Then, 50 g of this non-treated ITO pigment 

were heat-treated at 500 # C for four hours in N2 
atmosphere in a silica tube, and then cooled to the 
room temperature. The powder obtained presented 
grey-blue color. 

10 For both the non-treated and the heat-treated 
pigments, results of ICP analysts reveaJed the pres- 
ence of only Si , Ca and Na as impurities within a 
range of from 1 to 50 ppm. respectively. No other 
metal element was observed, and the cl content as 

75 determined by the silver chloride colorirnetric ana- 
lysis was 26 ppm. For each of the non-treated and 
heat-treated pigments, the composition formula 
was determined from amounts of In and Sn as 
derived from ICP analysis, the amount of O by gas 

20 analysis, the weight of sample and the amounts of 
impurities as mentioned above, and the oxygen 
vacancy for the ITO pigments introduced through 
heat treatment was calculated. The oxygen va- 
cancy per mol of ITO crystal (hereinafter simply 

25 referred to as the "oxygen vacancy") thus deter- 
mined was 0.278 mol. 

After the heat treatment, the pigment had a 
specific surface area of 85.8 m 2 /g, a primary par- 
ticle size within a range of from 0.01 1 to 0.020 urn, 

30 a volume resistivity of 6.0 x 10~ 2 Q.cm, and a color 
tone as represented by an x-value of 0.2987 and a 
y-value of 0.3095 on the xy chromaticity scale 
relative to visible rays. By the above-mentioned 
heat treatment also, a reduction of resistance of 

35 almost four digits is possible!, with simultaneous 
improvement of color tone. 

(EXAMPLE 11] 

40 The non-treated ITO pigment obtained in the 
Example 10 in an amount of 50 g was heat-treaded 
under a reduced pressure of 5 x 10~ 2 torr at 
600 *C for six hours in a silica tube, and then 
cooled to the room temperature. After the heat 

46 treatment, the ITO pigment had blue-green color, 
an oxygen vacancy of 0.226 mol, a specific surface 
area of 68.0 m 2 /g, a primary particle size within a 
range of from 0.009 to 0.027 urn, a volume resistiv- 
ity of 8.2 x 10~ 2 Q.cm, and a color tone relative to 

so visible rays comprising an x-value of 0.2988 and a 
y-value of 0.3090 on the xy chromaticity scale. 

[EXAMPLE 12] 

55 The non-treated ITO pigment obtained in the 
Example 10 in an amount of 50 g was heat-treated 
at 300 * C for six hours in N2 atmosphere in a silica 
tube, and then cooled to the room temperature. 
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After the heat treatment, the pigment had blue- 
green color, an oxygen vacancy of 0.071 mol, a 
specific surface area of 67.1 m 2 /g, a primary par- 
ticle size within a range of from 0.009 to 0.027 urn, 
a volume resistivity of 9.8 x 10" 2 Q.cm, and a color 
tone relative to visible rays, comprising an x-value 
of 0.2980 and a y-value of 0.3055 on the xy chro- 
maticity scale. 

[EXAMPLE 13] 

The non-treated ITO pigment obtained in the 
Example 10 in an amount of 50 g was heat-treated 
at 1,150'C for three hours in N2 atmosphere in a 
silica tube, and then cooled to the room tempera- 
ture. After the heat treatment the pigment had 
grey-blue color, an oxygen vacancy of 0.321 mol , 
a specific surface area of 1.4 m 2 /g, a primary 
particle size within a range of from 0.36 to 0.58 
urn, a volume resistivity of 2.2 x 10~ 2 fl.cm, and a 
color tone as compared with visible rays, compris- 
ing an x-value of 0.2887 and a y-value of 0.3066 on 
the xy chromaticity scale. 

[EXAMPLE 14] 

A non-treated ITO pigment, in an amount of 
283 g, having an Sn content of 14.24 mol% was 
prepared in the same manner as in the Example 6, 
except however that the amount of aqueous 55% 
SnCU solution was changed from 95 g to 137 g. 
This pigment had a specific surface area of 4.1 
m 2 /g, a primary particle size within a range of from 
0.19 to 0.40 urn, a volume resistivity of 7.5 x 10* 
Q.cm, and a color tone relative to visible rays, 
comprising an x-value of 0.324 and a y-value of 
0.353 on the xy chromaticily scale. The pigment 
was yellow powder. 

Then, 50 g of this non-treated ITO pigment 
were calcined at 500 *C for five hours in N 2 at- 
mosphere in a silica tube, and then cooled to the 
room temperature, resulting in a grey-blue pigment. 
After the heat treatment, the pigment had an oxy- 
gen vacancy of 0.190 mol, a specific surface area 
of 2.6 m 2 /g, a primary particle size within a range 
of from 0.30 to 0.36 um, a volume resistivity of 5.4 
x 10~ 2 Q.cm, and a color tone relative to visible 
rays, comprising an x-value of 0.2991 and a y- 
value of 0.3041 on the xy chromaticity scale. 

Impurity concentrations of the individual non- 
treated and heat-treated ITO pigments are ob- 
served within a range of from 1 to 50 ppm only for 
Si , Ca and Na as metal elements, with a CI 
content of 8 ppm. 



[EXAMPLE 15] 

An aqueous tnGa solution (containing 300 g 
metal In), in an amount of 800 mL, was mixed with 

s 80 g aqueous 55% SnCU solution, and after caus- 
ing this mixed solution to react with 6 L of an 
aqueous alkaline solution containing 1,800 g 
NH4HCO3 at a liquid temperature of 70 *C for two 
hours, precipitate was repeatedly decanted by the 

ro use of ion-exchange water. At the point when elec- 
tric conductivity of the supernatant liquid reached 
the level of 5,000 Q.cm, the precipitate was filtered, 
and dried at 110*C overnight, resulting in In/Sn 
coprecipitate hydroxide, which was a precursor hy- 

15 droxide of the ITO pigment, in an amount of 488 g. 

Then, this coprecipitate hydroxide (ITO precur- 
sor hydroxide) in an amount of 50 g was heat- 
treated at 700 *C for four hours in N 2 atmosphere 
in a silica tube, and then cooled to the room 

20 temperature to obtain a grey-blue ITO pigment. 

The hydroxide obtained as above in an amount 
of 50 g was separately calcined in the open air at 
700 - C for four hours, resulting in a yellow ITO 
pigment. 

25 In any of these ITO pigments, only Si , Ca and 
Na which were metal impurities were observed 
within a range of from 1 to 50 ppm, respectively, 
but no other element was found, with a CI content 
of 20 ppm. The Sn content in all the pigments was 

30 6.07 mol% in all cases. 

The above-mentioned ITO pigment obtained by 
aircalcining hydroxide (hereinafter referred to as 
"non-treated ITO pigment") had a specific surface 
area of 34.0 m 2 /g, a primary particles size within a 

35 range of from 0.018 to 0.031 um a volume resistiv- 
ity of 3.0 x 10* Q .cm, and a color tone comprising 
an x-value of 0.340 and a y-value of 0.368 relative 
to visible rays on the xy chromaticity scale. 

The above-mentioned ITO pigment obtained by 

40 heat-treating hydroxide in N 2 atmosphere, as com- 
pared with the non-treated ITO pigment, had an 
oxygen vacancy of 0.215 mol, a specific surface 
area of 21 m 2 /g, a primary particles size within a 
range of from 0.025 to 0.042 urn, a volume resistiv- 

45 ity of 5.4 x 10~ 2 Q.cm, and a color tone comprising 
an x-value of 0.2906 and a y-value of 0.3048 rela- 
tive to visible rays on the xy chromaticity scale. 

[EXAMPLE 16] 

50 

The grey-blue ITO pigment, in an amount of 50 
g, having an Sn content of 2.09 mol, which had 
been obtained in the Example 10 by heat-treating 
at 500 *C for four hours in N 2 atmosphere and 
55 cooled to the room temperature, was immersed in 
20 g of ethanol for ten minutes at the room tem- 
perature, and afteer drying under vacuum (10~ 3 
torr) at 100" C for 30 minutes, cooled to the room 
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temperature, for surface modification. 

This ITO pigment after the surface modification 
treatment had an apparent color tone with no 
change, an oxygen vacancy of 0.27 mol, which was 
equal to that in the Example 10, and a specific 
surface area (85.8 m 2 /g) and a primary particle size 
(0.01 1 to 0.020 urn) with no change on the same 
level as in the Example 10. 

This ITO pigment had a surface acidity of 3.5 x 
10" 6 mol/m 2 and almost no surface basic sites 
were observed. The non-treated ITO pigment be- 
fore heat treatment in fsfe atmosphere had a surface 
basicity of 6.8 x 10" 6 mol/m 2 , on the other hand, 
whereas the ITO pigment of the Example 10 heat- 
treated in N2 atmosphere had a surface basicity of 
6. 1 x 10~* mol/m 2 , and the both pigments showed 
a surface acidity of about a tenth the surface basic- 
ity- 

The ITO pigment after surface modification 
treatment had a volume resistivity of 6.8 x 10~ 3 
Q.cml, and a color tone comprising an x-value of 
0.2968 and a y-value of 0.3080 relative to visible 
rays on the xy chromaticity scale. As compared 
with the volume resistivity (11.2 x 10 2 O.cm) of the 
non-treated (calcined at 500 • C in the open air) ITO 
pigment, combination of generation of oxygen va- 
cancies (heat-treated in N2) and surface modifica- 
tion could reduce resistance by about five digits, 
and by about a digit even as compared with the 
case of heat treatment in N 2 alone or surface modi- 
fication alone. 

[EXAMPLE 17] 

The ITO pigment, in an amount of 50 g, which 
had been heat-treated at 600 • C for six hours under 
a reduced pressure of 5 x 10~ 2 torr and cooled to 
the room temperature, as obtained in the Example 
11, was immersed in 20 g of methylethyl ketone at 
the room temperature for ten minutes, and after 
drying under a reduced pressure at a temperature 
of 300 'C for ten minutes, cooled to the room 
temperature, as a surface modification treatment 

After this surface modification treatment, the 
ITO pigment had an oxygen vacancy of 0.226 mol, 
a specific surface area of 68.0 rr^/g, a primary 
particle size within a range of from 0.009 to 0.027 
urn, a surface acidity of 3.0 x 10" 6 mol/m 2 , a vol- 
ume resistivity of 8.5 x 10~ 3 Q.cm, and a color tone 
comprising an x-value of 0.2972 and a y-value of 
0.3068 relative to visible rays on the xy chromatic- 
ity scale. The ITO pigment obtained in the Example 
11 before surface modification treatment had, on 
the other hand, a surface basicity of 6.0 x 10"* 
mol/m 2 . 



[EXAMPLE 18] 

The ITO pigment, in an amount of 50 g, which 
had been heat-treated at 300 ■ C for six hours in N2 

5 atmosphere and cooled to the room temperature, 
as obtained in the Example 12, was immersed in 
20 g of ethyl acetate at the room temperature for 
ten minutes, and then, after heat treatment at 
300 * C for ten minutes in N2 atmosphere in a silica 

70 tube, cooled to the room temperature, as a surface 
modification treatment. 

After this surface modification treatment, the 
ITO pigment had an oxygen vacancy of 0.071 mol, 
a specific surface area of 67.0 m 2 /g, a primary 

75 particle size within a range of from 0.009 to 0.027 
um a surface acidity of 1.1 x 10~ G mol/m 2 , a 
volume resistivity of 8.7 x 10~ 3 Q.cm, and a color 
tone comprising an x-value of 0.2970 and a y-value 
of 0.3025 relative to visible rays on the xy chro- 

20 maticity scale. The ITO pigment obtained in the 
Example 12 before surface modification treatment 
had, on the other hand, a surface basicity of 4.5 x 
10~ 7 mol/m 2 . 

25 [EXAMPLE 19] 

The ITO pigment, in an amount of 50 g, which 
had been heat-treated at 1,150*C for three hours 
in N2 atmosphere and cooled to the room tempera- 

30 ture, as obtained in the Example 13, was heat- 
treated again at 150* C for one hour in a mixed gas 
flow of 50 mL/min CO + 950 mL/min N 2 in a silica 
tube, and cooled to the room temperature as a 
surface modification treatment. 

35 After this surface modification treatment, the 

ITO pigment had an oxygen vacancy of 0.321 mol, 
a specific surface area of 1.4 rr^/g, a primary 
particle size within a range of from 0.36 to 0.58 
um, a surface acidity of 3.4 x 10" 6 mol/m 2 , a 

40 volume resistivity of 2.5 x 1CT* Q.cm. and a color 
tone comprising an x-value of 0.2855 and a y-value 
of 0.3052 relative to visible rays on the xy chro- 
maticity scale. The ITO pigment obtained in the 
Example 12 before surface modification treatment 

46 had, on the other hand, a surface basicity of 4.5 x 
1(T 7 mol/m 2 . 

[EXAMPLE 20] 

so In/Sn coprecipitate hydroxide (already washed 

and dried) (ITO precursor hydroxide), in an amount 
of 100 g, having an Sn content of 14.24 mol% 
obtained in the same manner as in the Example 6 
except that the amount of aqueous 55% SnCU 

55 solution was changed from 95 g to 137 g, was 
heat-treated at 400 *C for three hours in a mixed 
gas flow comprising 10 mL/min Kb + 990 mL/min 
N2 in a silica tube, and then cooled to the room 
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temperature to obtain a grey-blue ITO pigment. 

In this ITO pigment, only Si t Ca and Na as 
metal elements were present as impurities within a 
range of from 1 to 50 ppm, respectively, with a CI 
content of 8 ppm. This pigment had an oxygen 
vacancy of 0.315 mol, a surface acidity of 3.0 x 
10" 6 mol/m 2 , a specific surface area of 74.5 m 2 /g, 
a primary particle size within a range of from 0.01 1 
to 0.021 urn, a volume resistivity of 8.8 x 10~ 3 
n.cm, and a color tone comprising an x-value of 
0.2983 and a y-value of 0.3020 relative to visible 
rays on the xy chromaticity scale. 

The non-treated ITO pigment obtained in the 
Example 14 by calcining the same coprecipitate 
hydroxide as that used as the raw material in this 
Example at 1.150* C for three hours in the open air 
showed a surface basicity of 5.9 x 10~* mol/m 2 . 

[EXAMPLE 21] 

InSn coprecipitate hydroxide (already water- 
washed and dried), in an amount of 50 g, having an 
Sn content of 6.07 mol%, which had been prepared 
in the Example 15 as an ITO precursor hydroxide, 
was heat-treated at 700 *C for three hours in a 
mixed gas flow comprising 5 mL/min NH3 + 995 
mL/min N2 in a silica tube, and then cooled to the 
room temperature to obtain a grey-blue ITO pig- 
ment. This ITO pigment had the same impurity 
contents as in the Example 15. 

This pigment had an oxygen vacancy of 0.306 
mol. a surface acidity of 3.6 x 10~* mol/m 2 , a 
specific surface area of 37 m 2 /g, a primary particle 
size within a range of from 0.015 to 0.032 urn, a 
volume resistivity of 7,9 x 10"* Q.cm.and a color 
tone comprising an x-value of 0.2915 and a y-value 
of 0.3041 relative to visible rays on the xy chro- 
maticity scale. 

The non-treated ITO pigment obtained in the 
Example 15 by calcining the same coprecipitate as 
that used as the raw material in this Example at 
750 m 0 for four hours in the open air showed a 
surface basicity of 2.9 x 10" 6 mol/m 2 . 

[EXAMPLE 22] 

In/Sn coprecipitate hydroxide (already wateer- 
washed and dried), in an amount of 50 g, having an 
Sn content of 4.2 mol%, which had been prepared 
in the Example 9 as an ITO precursor hydroxide, 
was heat-treated at 800 *C for four hours in N 2 
atmosphere in a silica tube, and then cooled to the 
room temperature to obtain a grey-blue ITO pig- 
ment. Then, this ITO pigment was immersed in 10 
g of isophorone at the room temperature for ten 
minutes, dried under a reduced pressure (10~ 3 
torr) at 150 # C for 20 minutes, and then, cooled to 
the room temperature as a surface modification 



treatment. 

After this surface modification treatment, the 
ITO pigment had an oxygen vacancy of 0.211 mol, 
a specific surface area of 12.0 m 2 /g, a primary 

s particle size within a range of from 0. 031, to 0.089 
urn, a surface acidity of 3.7 x 10~* mol/m 2 , a 
volume resistivity of 9,7 x 10~ 5 Q.cm, and a color 
tone comprising an x-value of 0.2853 and a y-value 
of 0.3031 relative to visible rays on the xy chro- 

70 maticity scale. The ito pigment before the surface 
modification treatment had, on the other hand, a 
surface basicity of 2.2 x 10" 6 mol/m 2 , and a sur- 
face acidity of 5.9 x 10~ 7 mol/m 2 . Application of the 
surface modification treatment after oxygen extrac- 

75 tion has made it possible to remarkably reduce 
resistance as compared with the Example 9. 

[COMPARATIVE EXAMPLE 2] 

20 The Example 21 was repeated except that heat 
treatment was carried out with the use of a mixed 
gas flow comprising 300 mL/min NH 3 + 700 
mUmin N2. During the heat treatment, part of 
\n2O3 was reduced into metal In and welded to- 

25 gether. A fine powdery ITO pigment could not 
therefore be obtained. 

[EFFECTS OF THE INVENTION] 

30 According to the present invention, it is possi- 

ble to obtain a reduced-resistance conductive pig- 
ment having a surface acidity within a range of 
from 8 x 10~ 7 to 1 x 10~ 5 mol/m 2 and a volume 
resistivity of under 2 x 10* and at least 2 x 10~ 2 

35 Q.cm by conducting a surface modification treat- 
ment for increasing surface acidity. A conductive 
pigment having a reduced resistance and excellent 
in visibility with a bluish tone of color is available 
with an oxygen vacancy within a range of from 0.05 

40 to 0.35 mol, a color tone comprising an x-value of 
from 0.265 to 0.300 and a y-value of from 0.290 to 
0.315 relative to visible rays on the xy chromaticity 
scale, and a volume resistivity within a range of 
from 8 x 10"" 1 to 1 x 10~ 2 n.cm, by applying a heat 

46 treatment permitting oxygen extraction from the 
conventional ITO pigment. Furthermore, application 
of a treatment permitting achievement of both the 
increase in surface acidity and the oxygen extrac- 
tion as described above makes it possible to obtain 

so a high-performance ITO pigment excellent in visi- 
bility with a further reduced resistance, which has a 
surface acidity within a range of from 8 x 10~ 7 to 1 
x 10~ 5 mol/m 2 , an oxygen vacancy within a range 
of from 0.05 to 0.35 mol, a color tone comprising 

55 an x-value of from 0.265 to 0.300 and a y-value of 
from 0.290 to 0.315, and a volume resistivity within 
a range of from 8 x 10*" 2 to 9 x 10" 5 Q.cm. As a 
result, it is possible to form a conductive film 
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excellent in visibility and tinted with blue, unlike the 
conventional yellowish sputtering film, provided 
with a low resistance well comparable with that of 
the sputtering film, by using such simple means as 
application or printing permitting easy scaling up. 
Particularly when the average primary particle size 
of an ITO pigment is 0.2 urn, a transparent conduc- 
tive film having a high visibility is formed. This 
transparent conductive film is useful as a transpar- 
ent electrode for a liquid-crystal display, an auto- 
motive wind-breaking glass, and a heating element 
with transparent surface for window. 

Claims 

1. A conductive pigment comprising indium oxide 
crystal grains containing tin, wherein said pig- 
ment has an Sn content relative to the total 
amount of In + Sn within a range of from 1 to 
15 mol%, a surface acidity within a range of 
from 8 x 10~ 7 to 1 x 10" 5 mol/m 2 , and a 
volume resistivity, as measured by the four- 
probe method on 50 kg/cm 2 green compact, 
within a range of under 2 x 10° O.cm and at 
least 2 x 10 -2 Q\cm. 

2. A conductive pigment comprising indium oxide 
crystal grains containing tin, wherein said pig- 
ment has an Sn content relative to the total 
amount of In + Sn within a range of from 1 to 
15 moi%, an oxygen vacancy within a range of 
from 0.05 to 0.35 mol per mol of ITO crystal, a 
color tone of pigment relative to visible ray 
within a range of from 0.265 to 0.300 in terms 
of x-value and from 0.290 to 0.315 in terms of 
y-value in the xy chromaticity scale, and a 
volume resistivity, as measured by the four- 
probe method on 50 kg/cm 2 green compact, 
within a range of from 8 x 10" 1 to .1 x 10~ 2 
Q.cm. 

3. A conductive pigment comprising indium oxide 
crystal grains containing tin, wherein said pig- 
ment has an Sn content relative to the total 
amount of In + Sn within a range of from 1 to 
15 mol%, a surface acidity within a range of 
from 8 x 10~ 7 to 1 x 10" 5 mol/m 2 , an oxygen 
vacancy within a range of from 0.05 to 0.35 
mol per mol of ITO crystal, a color tone of 
pigment relative to visible ray within a range of 
from 0.265 to 0.300 in terms of x-value and of 
from 0.290 to 0.315 in terms of y-value in the 
xy chromaticity scale, and a volume resistivity, 
as measured by the four-probe method on a 
50 kg/cm 2 green compact, within a range of 
from 8 x 10~ 2 to 9 x 10" 5 Q.cm. 



4. A conductive pigment as claimed in Claim 1 , 2 
or 3, wherein said pigment has an average 
primary particle size of up to 0.2 urn. 

5 5. A method of manufacturing a conductive pig- 
ment as claimed in Claim 1 or 4, which com- 
prises the steps of immersing indium oxide 
crystal grains containing tin, having an Sn con- 
tent relative to the total amount of In + Sn 

10 within a range of from 1 to 15 mol% into at 

least an organic solvent selected from the 
group consisting of alcohol, ketone, ester and 
amine, and then heat-treating same at a tem- 
perature of up to 500* C under a reduced 

75 pressure or in an inert gas atmosphere. 

6. A method of manufacturing a conductive pige- 
ment as claimed in Claim 1 or 4, which com- 
prises the step of heat-treating indium oxide 

ao crystal grains containing tin having anSn con- 

tent relative to the total amount of In + Sn 
within a range of from 1 to 15 mol% at a 
temperature of up to 500" C in an inert gas 
atmosphere containing at least one selected 

25 from the group consisting of hydrogen, ammo- 

nia and carbon monoxide in an amount within 
a range of from 0.5 to 20 vol.%. 

7. A method of manufacturing a conductive pig- 
30 ment as claimed in Claim 2 or 4, which com- 
prises the step of heat-treating indium oxide 
crystal grains or precursor oxide thereof con- 
taining tin having an Sn content relative to the 
total amount of In + Sn, within a range of from 

35 1 to 15 mol% at a temperature within a range 

of from 300 to 1,150 *C under a reduced pres- 
sure or in an inert gas atmosphere. 

& A method of manufacturing a conductive pig- 
40 ment as claimed in Claim 3 or 4, which com- 

prises the steps of heat-treating indium oxide 
crystal grains or precursor oxide thereof con- 
taining tin having an Sn content relative to the 
total amount of In + Sn, within a range of from 
45 1 to 15 mol% at a temperature within a range 

of from 300 to 1,1 50* C under a reduced pres- 
sure or in an inert gas atmosphere, then inv 
mersing same in at least an organic solvent 
selected from the group consisting of alcohol, 
so ketone, ester and amine, and then heat-treating 

same at a temperature of up to 500 a C under a 
reduced pressure or in an inert gas atmo- 
sphere. 

55 9. A method of manufacturing a conductive pig- 
ment as claimed in Claim 3 or 4, which com- 
prises the steps of heat-treating indium oxide 
crystal grains or precursor oxide thereof con- 
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taining tin having an Sn content relative to the 
total amount of In + Sn within a range of from 
1 to 15 mol% at a temperature within a range 
of from 300 to 1,150'C under a reduced pres- 
sure or in an inert gas atmosphere, and then s 
heat-treating same at a temperature of up to 
500 *C in an inert gas atmosphere containing 
at least one selected from the group consisting 
of hydrogen, ammonia and carbon monoxide in 
an amount within a range of from 0.5 to 20 io 
vol.%. 

10. A method of manufacturing a conductive pig- 
ment as claimed in Claim 3 or 4, which com- 
prises the step of heat-treating indium oxide 15 
crystal grains or precursor oxide thereof con- 
taining tin having an Sn content relative to the 
total amount of In + Sn within a range of from 

1 to 15 mol% at a temperature within a range 
of from 300 to 1,150'C in an inert gas at- 20 
mosphere containing at least one selected 
from the group consisting of hydrogen, ammo- 
nia and carbon monoxide in an amount within 
a range of from 0.5 to 20 vol.%. 

25 

11. A conductive film forming composition contain- 
ing a binder and a conductive pigment as 
claimed in any one of Claims 1 to 4. 

12. A conductive resin forming composition con- 30 
taining a resin and a conductive pigment as 
claimed in any one of Claims 1 to 4. 
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